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(54) ALIPHATIC POLYESTER COPOLYMER

(57) An object of the present invention is to provide
a stretchable polyester having shape followability and
flexibility by elastic response and being able to suppress
deterioration over time due to secondary crystallization.
The present invention provides a stretchable polyester

which is an aliphatic copolymer polyester containing two
or more types of monomer units, wherein the stretchable
polyester contains an α-form and an amorphous struc-
ture, and a degree of orientation determined by X-ray of
the α-form is 50% or greater.
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Description

Technical Field

[0001] The present invention relates to a stretchable polyester having high shape followability and flexibility as well
as repeated elasticity.

Background Art

[0002] In recent years, a large amount of synthetic plastics are produced and disposed by burning and by landfill
disposal, but problems such as generation of poisonous gases at the time of burning, pressure on capability of landfill
disposal, and ground loosening have been attracting attention. Furthermore, due to disposal and leakage of synthetic
plastics into the environment, adverse effects on the ecosystem have been concerned. Due to variety of types of plastics,
separation and reuse thereof require effort and cost, and only a small portion of plastics is recycled. Thus, biodegradable
plastics that are degraded to carbon sources that can be utilized by organisms in the environment have been attracting
attention.
[0003] Meanwhile, in the medical field, biodegradable plastics have been attracting attention as biodegradable raw
materials for, for example, implant materials that do not need to be collected, carriers for sustained release of medicines,
and scaffold for regenerative therapy.
[0004] Biodegradable materials such as polyglycolic acid, polylactic acid, hydroxyapatite, collagen, and hyaluronic
acid, are used in medical practice. These materials are characterized by biocompatibility and bioabsorbability and con-
tribute to improvement in medical treatment, such as suturing for a patient for whom removal of stitches cannot be
performed and for a part that does not require re-incision, implant materials that are desirably absorbed and replaced
with body tissues after strength is maintained for a period of time, carriers for sustained release of medicines such as
pharmaceutical products and bioactive substances, and scaffold for regenerative therapy. Meanwhile, many of these
known bioabsorbable materials lack elasticity, and many of these are hard as a single raw material, and use thereof has
been limited.
[0005] Polyhydroxyalkanoates (PHAs) are thermoplastic polyesters that are accumulated in microorganisms and are
drawing attention as a biodegradable, biocompatible, and bioabsorbable plastic, and many studies have been conducted
(Non-Patent Document 1). At least 100 types of monomer units constituting PHAs are known, among which a notable
example is poly-3-hydroxybutyrate (hereinafter abbreviated as "P(3HB)"), which is composed of (R)-3-hydroxybutyrate
(hereinafter abbreviated as "3HB"). (Non-Patent Document 1)
[0006] P(3HB) has a high melting point that is roughly the same degree as that of polypropylene (hereinafter, abbre-
viated as PP), has an elongation at break of 5% or less while having a strength at break that is roughly the same degree
as that of PP, has a glass transition temperature of 4°C which is not higher than room temperature, has a high crystallinity,
and is a hard and brittle material. In a case where it is attempted to industrially utilize PHA, as methods for enhancing
the physical properties thereof, a method of introducing a second component monomer unit to form a copolymer, and
a method of increasing the molecular weight have been known.
[0007] Regarding the method of introducing a second component monomer unit to form a copolymer, examples include
copolymers to which 3-hydroxyvalerate (hereinafter, 3HV), 3-hydroxyhexanoate (hereinafter, 3HH), 4-hydroxybutyrate
(hereinafter, 4HB), lactate (hereinafter, LA), glycolate (hereinafter, GA), 3-hydroxypropionate (hereinafter, 3HP), or a
long-chain hydroxyalkanoate is introduced.
[0008] Furthermore, as a method for increasing the molecular weight, there is a method for producing an ultra high
molecular weight P(3HB) by introducing a P(3HB) biosynthetic gene (phaCAB) extracted from a P(3HB) synthesizing
bacterium Cupriavidus necator into Escherichia coli XL1-Blue having no PHA synthesis system/degradation system,
and culturing the genetically modified bacterium at pH 6 (Non-Patent Document 2); a method for culturing a strain in
which PHA-degrading enzyme gene of a PHA-producing wild strain is disrupted (Patent Document 1); and a method for
obtaining a ultrahigh molecular weight PHA by adjusting culture conditions of a PHA-producing wild strain (Patent
Document 2).
[0009] Aliphatic polyester, including PHA, typically has a slow crystallization speed, has a glass transition temperature
of not higher than room temperature, and tends to have a reduced elongation at break because deterioration progresses
over time due to secondary crystallization after formation. The amorphous part that did not undergo crystallization in the
initial crystallization is present in between lamellar crystals. The secondary crystallization refers to the condition where
the molecular chains of the amorphous part is incorporated into the crystal part due to molecular motion and thus the
degree of crystallinity is enhanced. Furthermore, in some cases, annealing, which is a heat treatment to eliminate the
strain in a plastic inner part after formation of the plastic, may be performed, and the crystallization progressing during
this heat treatment is also referred to as secondary crystallization. It is known that, due to the secondary crystallization,
tension is applied to molecular chains of the amorphous part, thus cracking occurs, and deterioration occurs over time.
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Furthermore, when the crystal becomes larger, a large force is applied on a tie molecule that connects a crystal to a
crystal, and the entire crystal may be weak.
[0010] P(3HB) has a high crystallinity although the crystallization speed is slow, has a glass transition temperature of
4°C which is not higher than room temperature, undergoes secondary crystallization during storage, and is a polymer
that is hard and brittle and that undergoes deterioration of physical properties over time. Although, by copolymerizing
the 3-hydroxyvalerate (3HV) unit, some improvement was observed in flexibility of P(3HB-co-3HV), it is known that the
3HB unit and the 3HV unit can be present in the same crystal lattice, and the glass transition temperature tends to be
further lowered due to the copolymerization, and deterioration over time progresses by the secondary crystallization
after the formation.
[0011] For a copolymer PHA including a second component unit that does not undergo cocrystallization with a 3HB
unit, such as a 4-hydroxybutyrate (4HB) unit and a 3-hydroxyhexanoate (3HH) unit, improvement of extensibility and
flexibility is expected than a copolymer with a 3HV unit by changing the proportion of the second unit component; however,
the glass transition temperature is not higher than room temperature, and the characteristic that secondary crystallization
tends to occur in a region that is rich in 3HB as a center after the formation still remains, and thus a problem of deterioration
over time of mechanical properties, such as elongation, still remains.
[0012] Thus, there are a proposal to promote crystallization by blending an inorganic substance, such as boron nitride,
titanium oxide, talc, lamellar silicate, calcium carbonate, sodium chloride, or metal phosphate, to a PHA polymer (Patent
Document 3), and a proposal to blend sorbitol acetal, a compound having an amide bond, and pentaerythritol (Patent
Document 4). These are means to promote the slow crystallization speed of the PHA and improve processability during
formation and processing; however, there are still problems, such as causing reduction in strength, exhibiting insufficient
effect including deterioration of surface appearance of a molded product, requiring addition of an additive, and deterio-
rating over time due to secondary crystallization. Furthermore, there are no description regarding elasticity of the molded
product.
[0013] As a biodegradable plastic exhibiting elasticity, there are reports of P(3HB-co-4HB) (Non-Patent Documents
3 and 4), P(3HB-co-3HH) (Patent Document 5), and a material obtained by adding a photoreactive acrylate group and/or
methacrylate group to a copolymer of caprolactone and lactic acid and/or glycolic acid and photocuring the copolymer
(Patent Document 6).
[0014] It has already been known that a P(3HB-co-4HB) copolymer having from 3 to 60% of 4HB unit has excellent
flexibility, and a molded product that is flexible and tough can be obtained by using this copolymer (Patent Document
7). Furthermore, it is described that the proportion of the 4HB can be freely adjusted (Patent Documents 8, 9, and 10),
and Patent Document 11 describes performing stretch processing on a molded product formed from P(3HB). However,
when a stretching force is released, the molded product becomes almost completely loose and does not shrink, and
even for P(3HB-co-3HV), stretchability is 100% or less, and almost no elasticity is exhibited due to high crystallinity from
the cocrystallization. Furthermore, a problem of deterioration over time due to secondary crystallization also remains.
[0015] Non-Patent Document 3 reports that the P(3HB-co-4HB) copolymer solvent-cast film having the 4HB proportion
of 31% was stretched and then the obtained film exhibited elasticity that allowed the film to return to its substantially
original shape; however, it is conceived that the problem of deterioration over time due to secondary crystallization still
remains. Non-Patent Document 4 describes that a copolymer of 4HB and 3HB (4HB content from approximately 20 to
35%) is elastomeric and is a material that elongates upon applying a force and returns; however, it is conceived that the
problem of deterioration over time due to secondary crystallization still remains. Both of the documents do not show
hysteresis showing the repeated elasticity.
[0016] Patent Document 12 describes a mixed polyester molded product of a copolymer of 3HB and 4HB (4HB
proportion from 60% to 95%) and a crystalline biodegradable polyester, the molded product being obtained by stretching,
having biodegradability and low initial modulus of elasticity at a low strain, and having flexibility, toughness, and biode-
gradability. There is a description that the stretched and heat-treated yawn and film shrink to 60 to 70% of the condition
immediately after stretching; however, it is not clear whether it is an elastic body that exhibits repeated elasticity, and it
is conceived that the problem of deterioration over time due to secondary crystallization still remains.
[0017] Patent Document 13 describes that a copolymer of 3HB and 4HB (4HB from 30% to 99%) can be a medical
material for soft tissues that exhibits excellent biocompatibility, elasticity, and flexibility and that does not cause problems
in safety such as cytotoxicity; however, it is not clear whether it is an elastic body that exhibits repeated elasticity, and
it is conceived that the problem of deterioration over time due to secondary crystallization still remains. Furthermore,
there is a description of a compound body with another fiber composite knitted body/woven body, such as of polyethylene
terephthalate, the compound body being a fiber composite of polyglycolic acid or polylactic acid or the like; however, it
is not necessarily aimed at complete degradability.
[0018] Patent Document 14 describes that it is possible to further stretch a preliminary stretched material obtained by
rapidly cooling a filament melt-extruded at the time of melt-spinning a P(3HB-co-3HH) copolymer to a temperature that
is not higher than the glass transition temperature and then partially proceeding crystallization at a temperature that is
not lower than the glass transition temperature, and the preliminary stretched material is a filament exhibiting elasticity
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that has a property that can suppress growth of spherulite. In this method, there are descriptions that rapid cooling to a
temperature that is not higher than the glass transition temperature is required, that growth to three dimensional spherulite
is less likely to occur even when the filament is allowed to stand still at room temperature for a while, and that brittleness
is less likely to exhibited; however, at this stage, degradation over time due to secondary crystallization presumably still
progresses. Furthermore, the degree of elasticity is not clear.
[0019] Furthermore, it is known that a raw material having elasticity can be obtained by adding a group such as acrylate
to a copolymer of caprolactone and lactic acid and/or glycolic acid and photocuring the copolymer (Patent Document
6). However, when a lactic acid-caprolactone copolymer having a molecular weight from 2000 to 10000 is used, elastic
deformation is only possible for approximately from 20 to 60% strain and the stress at this time is from 2 to 0.2 N/mm2

or less, which is low, (Non-Patent Document 5). It is not a sufficiently high molecular weight polymer and cannot be used
for a region where even higher strength and elasticity are required. Furthermore, a copolymer of caprolactone and lactic
acid and/or glycolic acid is obtained by chemical synthesis using a polymerization catalyst such as tin octylate (tin 2-
ethylhexanoate) and, in medical application, attention needs to be given to the used amount of the catalyst.
[0020] A biodegradable material exhibiting elastic deformation is obtained by crosslinking a copolymer obtained by
copolymerizing a cyclic depsipeptide and ε-caprolactone with polyisocyanates (Patent Document 15). A polymerization
catalyst such as tin 2-ethylhexanoate is used for synthesis of the copolymer, and it is not known whether melt-molding
is possible after the crosslinked body is formed, and it is not clear whether it can be practically used.
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Summary of Invention

Problem to be Solved by the Invention

[0023] An object of the present invention is to provide a stretchable polyester having shape followability and flexibility
by elastic response.

Solution to Problem

[0024] As a result of diligent research to solve the problems described above, the inventors of the present invention
found that, although a P(3HB-co-4HB) copolymer molded product has an α-form (α crystal) exhibiting random orientation
and the cycle of the α crystal is not uniform, the P(3HB-co-4HB) copolymer molded product becomes a molded product
exhibiting elastic response by, when the molded product is deformed by being stretched after a crystallization treatment
is performed for a certain time period and a degree of orientation determined by X-ray of the α crystal is increased in a
direction of the stretching while the degree of orientation of the α-form is maintained at 50% or greater, elongating
molecular chains of an amorphous part in between an α crystal and an α crystal to exhibit a β-form (plane zigzag
structure), and, when the load is removed, reducing or eliminating the β-form while the degree of orientation of the α
crystal is maintained, and thus completed the present invention. Note that the α-form is a folded lamellar crystal, and
the β-form is a plane zigzag stretched chain structure.
[0025] According to the present invention, the following inventions are provided.

<1> A stretchable polyester which is an aliphatic copolymer polyester containing two or more types of monomer
units, wherein the stretchable polyester contains an α-form and an amorphous structure, and a degree of orientation
determined by X-ray of the α-form is 50% or greater.
<2> The stretchable polyester according to <1> wherein a β-form is detected by wide-angle X-ray diffraction meas-
urement and small-angle X-ray scattering measurement in a stretched state, and the β-form is significantly reduced
compared to the stretched state or no β-form is detected by the wide-angle X-ray diffraction measurement and the
small-angle X-ray scattering measurement in an unloaded state.
<3> The stretchable polyester according to <1> or <2>, wherein the stretchable polyester has an elasticity with a
tensile elongation recovery rate of 20% or greater and 100% or less.
<4> A stretchable polyester which is an aliphatic copolymer polyester containing two or more types of monomer
units, wherein the stretchable polyester has an elasticity with a tensile elongation recovery rate of 20% or greater
and 100% or less.
<5> The stretchable polyester according to any one of <1> to <4>, wherein, after crystallization, the stretchable
polyester is stretched and then, after a load is removed, the stretchable polyester exhibits elasticity.
<6> The stretchable polyester according to any one of <1> to <5>, wherein the crystal structure is orientation-treated
by stretching.
<7> The stretchable polyester according to <5> or <6>, wherein the crystal structure is orientation-treated by stretch-
ing of 2 to 20-fold.
<8> The stretchable polyester according to any one of <1> to <7>, wherein the stretchable polyester comprises a
lamellar crystal structure and an amorphous structure, and exhibits a unique stretched chain structure during stretch-
ing, and wherein when a tensile load is removed, the stretched chain structure is significantly reduced or disappearing.
<9> The stretchable polyester according to any one of <1> to <8>, wherein the stretched chain structure is a plane
zigzag structure.
<10> The stretchable polyester according to any one of <1> to <9>, wherein the lamellar crystal structure is formed
from a folding having a spiral structure.
<11> The stretchable polyester according to any one of <1> to <10>, wherein the two or more types of monomer
units are a combination of two or more types of monomer units having different main chain lengths.
<12> The stretchable polyester according to any one of <1> to <11>, wherein the polyester contains a 3-hydroxy-
butyrate unit as a monomer unit.
<13> The stretchable polyester according to <12>, wherein the polyester contains a 4-hydroxybutyrate unit as a
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monomer unit.
<14> The stretchable polyester according to <13>, wherein a proportion of the 4-hydroxybutyrate unit with respect
to all monomer units is from 10 mol% to 30 mol%.
<15> The stretchable polyester according to any one of <1> to <14>, wherein a weight average molecular weight
determined by gel permeation chromatography measurement, calibrated with polystyrene, is from 100,000 to
3,000,000.
<16> The stretchable polyester according to any one of <1> to <15>, wherein the stretchable polyester is biode-
gradable.
<17> The stretchable polyester according to any one of <1> to <16>, wherein the stretchable polyester is bioab-
sorbable.
<18> The stretchable polyester according to any one of <1> to <17>, wherein the stretchable polyester is derived
from biosynthesis or derived from chemical synthesis.
<19> A film which comprises the stretchable polyester according to any one of <1> to <18>.
<20> A fiber which comprises the stretchable polyester according to any one of <1> to <18>.
<21> A molded product which comprises the stretchable polyester according to any one of <1> to <18>.
<22> A method for producing the stretchable polyester according to any one of <1> to <18>, which comprises:

stretching by, after crystallization, subjecting an aliphatic copolymer polyester containing two or more types of
monomer units to an orientation treatment by stretching; and

unloading by removing a tensile load of the polyester orientation-treated by the stretching.

<23> The method according to <22>, wherein a form of the stretchable polyester to be produced is a film, a fiber,
or a molded product.

Advantageous Effects of Invention

[0026] The aliphatic stretchable polyester of the present invention can be deformed by a stretching treatment and can
exhibit elastic response by unloading, and has shape followability and flexibility due to the elastic response even when
a crosslinking agent is not added. By using the stretchable polyester of the present invention which has not been put to
practical use so far, it becomes possible to produce an apparatus or device that has elasticity and that is environmentally
degradable or bioabsorbable.

Brief Description of Drawings

[0027]

[Fig.1] FIG. 1 illustrates stress-strain curves of tensile test for films of Production Examples 1 to 12 and 14.
[Fig.2] FIG. 2 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 1. The upper side shows the WAXD measurement, and the bottom side shows the SAXS
measurement. Original shows a film molded product before stretching, 35 shows during 5-fold stretching, 310
shows during 10-fold stretching, after release shows after unloading, and stretching again shows during restretching.
[Fig.3] FIG. 3 shows a crystal structure change in a PHA polymer. When the PHA polymer is unstretched, the α-
forms (α crystal) in the molded product are in an orientation state that is random; however, orientation is achieved
by stretching, and a β-form, in which amorphous chains in between the α-forms are stretched chains, is formed.
When a load is removed, the β-form part in between the α-forms returns to amorphous while the orientation of the
α-forms is maintained. As a result, a peak is present on the (121) plane. When the PHA polymer is restretched, the
amorphous part returns again to the β-form that is a stretched chain, and when re-unloaded, the part returns to the
amorphous.
[Fig.4] FIG. 4 shows a procedure of evaluation of elasticity of a film.
[Fig.5] FIG. 5 shows stress-strain curves (0% to 100% strain) of PHA fibers of Example 15 (Production Example 2).
[Fig.6] FIG. 6 shows stress-strain curves (0% to 100% strain) of PHA fibers of Example 16 (Production Example 5).
[Fig.7] FIG. 7 shows stress-strain curves (0% to 100% strain) of PHA fibers of Example 17 (Production Example 13).
[Fig.8] FIG. 8 shows stress-strain curves (0% to 100% strain) of PHA fibers of Example 17 (Production Example 13).
[Fig.9] FIG. 9 shows stress-strain curves (0% to 10% strain) of PHA fibers of Example 17 (Production Example 13).
[Fig.10] FIG. 10 shows stress-strain curves (0% to 1000% strain) of a PHA film of Example 2 (Production Example 2).
[Fig.11] FIG. 11 shows stress-strain curves (0% to 1000% strain) of a PHA film of Example 5 (Production Example 5).
[Fig.12] FIG. 12 shows stress-strain curves (0% to 1000% strain) of a PHA film of Example 14 (Production Example
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14).
[Fig.13] FIG. 13 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 2.
[Fig.14] FIG. 14 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 3.
[Fig. 15] FIG. 15 shows results of WAXD measurement and SAXS measurement of a film molded product of a
sample of Production Example 4.
[Fig. 16] FIG. 16 shows results of WAXD measurement and SAXS measurement of a film molded product of a
sample of Production Example 5.
[Fig.17] FIG. 17 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 6.
[Fig.18] FIG. 18 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 7.
[Fig.19] FIG. 19 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 8.
[Fig.20] FIG. 20 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 9.
[Fig.21] FIG. 21 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 10.
[Fig.22] FIG. 22 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 11.
[Fig.23] FIG. 23 shows results of WAXD measurement and SAXS measurement of a film molded product of a sample
of Production Example 12.
[Fig.24] FIG. 24 is a drawing illustrating the method of calculating a degree of orientation.
[Fig.25] FIG. 25 shows results of WAXD measurement of P(3HB-co-3HV) fibers produced in Example 19.
[Fig.26] FIG. 26 shows stress-strain curves of P(3HB-co-3HV) fibers produced in Example 19.

Embodiments for carrying out the Invention

[0028] The present invention will be described in detail below. Note that the following embodiments are examples for
describing the present invention, and the present invention is not limited only to the embodiments.

[Polyester]

[0029] The polyester of the present invention is a stretchable polyester which is an aliphatic copolymer polyester
containing two or more types of monomer units, wherein the stretchable polyester contains an α-form and an amorphous
structure, and a degree of orientation determined by X-ray of the α-form is 50% or greater.
[0030] By using an aliphatic copolymer polyester containing two or more types of monomer units and containing the
α-form and the amorphous structure, the stretchable polyester of the present invention can have shape followability and
flexibility.
[0031] Furthermore, the stretchable polyester of the present invention can suppress deterioration over time due to
secondary crystallization without addition of, for example, a nucleating agent.
[0032] The polyester of the present invention contains two or more types of monomer units, and preferably the two or
more types of monomer units are a combination of two or more types of monomer units having different main chain
lengths. As the polymer unit, a 3-hydroxybutyrate unit is preferably contained. As the polymer unit, a 4-hydroxybutyrate
unit is preferably contained in addition to the 3-hydroxybutyrate unit.
[0033] The weight average molecular weight determined by gel permeation chromatography, calibrated with polysty-
rene, is preferably 100000 or greater, more preferably 200,000 or greater, even more preferably 300,000 or greater,
400,000 or greater, or 500,000 or greater. The weight average molecular weight determined by gel permeation chro-
matography, calibrated with polystyrene, may be 600,000 or greater, 700,000 or greater, 800,000 or greater, 900,000
or greater, 1,000,000 or greater, 1,100,000 or greater, 1,200,000 or greater, 1,300,000 or greater, 1,400,000 or greater,
1,500,000 or greater, 2,000,000 or greater, 3,000,000 or greater, or 4,000,000 or greater. The upper limit of the weight
average molecular weight determined by gel permeation chromatography, calibrated with polystyrene, is not particularly
limited and is typically 20,000,000 or less, 10,000,000 or less, 8,000,000 or less, 7,000,000 or less, 6,000,000 or less,
5,000,000 or less, 4,000,000 or less, or 3,000,000 or less. However, considering reduction in molecular weight due to
pyrolysis and excessively high viscosity at the time of melting, in a case where melt molding is performed, the weight
average molecular weight determined by gel permeation chromatography, calibrated with polystyrene, is preferably
400,000 or greater and 2,500,000 or less, more preferably 500,000 or greater and 2,200,000 or less, and even more
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preferably 600,000 or greater and 2,000,000 or less.
[0034] The aliphatic stretchable polyester of the present invention contains, as a polymerization unit, preferably a 3-
hydroxybutyrate unit, and more preferably a 3-hydroxybutyrate unit and a 4-hydroxybutyrate unit. In a case where the
polyester of the present invention contains a 3-hydroxybutyrate unit, and in a case where the polyester of the present
invention contains a 3-hydroxybutyrate unit and a 4-hydroxybutyrate unit, another polymerization unit besides the 3-
hydroxybutyrate unit and the 4-hydroxybutyrate unit may be contained as a polymerization unit. Examples of such another
polymerization unit include lactate (LA), glycolate (GA), 3-hydroxypropionate (3HP), 3-hydroxyvalerate (3HV), 5-hydrox-
yvalerate (5HV), 5-hydroxyhexanoate (5HH), 6-hydroxyhexanoate (6HH), 3-hydroxyhexanoate (3HH), and hydroxyal-
kanoate having 7 or more carbons. Furthermore, not as a bipolymer but a terpolymer or multicomponent copolymer
containing the polymerization unit(s) described above can be also used. Furthermore, the copolymer composition de-
scribed above can be mixed at a freely selected proportion and used.
[0035] In the present invention, the 3-hydroxybutyrate unit and the 4-hydroxybutyrate unit are represented by the
following formulas.

3-Hydroxybutyrate unit: -OCH(CH3)CH2C(=O)-

4-Hydroxybutyrate unit: -OCH2CH2CH2C(=O)-

[0036] In a case where the stretchable polyester of the present invention contains a 4-hydroxybutyrate unit, the pro-
portion of the 4-hydroxybutyrate unit with respect to all monomer units is preferably from 10 mol% to 30 mol%. The
proportion of the 4-hydroxybutyrate unit with respect to all monomer units may be 11 mol% or greater, 12 mol% or
greater, 13 mol% or greater, 14 mol% or greater, 15 mol% or greater, or 16 mol% or greater, and may be 17 mol% or
greater, 18 mol% or greater, 19 mol% or greater, or 20 mol% or greater. The proportion of the 4-hydroxybutyrate unit
with respect to all monomer units may be 30 mol% or less, 29 mol% or less, 28 mol% or less, 27 mol% or less, 26 mol%
or less, 25 mol% or less, 24 mol% or less, 23 mol% or less, 22 mol% or less, or 21 mol% or less.
[0037] The proportion of the 4-hydroxybutyrate unit relative to all monomer units can be measured in accordance with
the method described in Examples below.
[0038] The polyester of the present invention may be any one selected from a random polymer, a block polymer, an
alternating polymer, or a grafted polymer, but is preferably a random polymer.
[0039] Although P(3HB-co-4HB) is known to have extensibility and flexibility, in the present invention, it was found
that, after the copolymer descried above is subjected to a certain period of time of crystallization and then deformed by
stretching, elasticity is imparted by elastic deformation while extensibility is exhibited. Furthermore, according to a pre-
ferred embodiment of the present invention, it was found that deterioration over time due to secondary crystallization is
suppressed.
[0040] Preferably, the stretchable polyester of the present invention contains an α-form and an amorphous structure,
and the degree of orientation determined by X-ray of the α-form is 50% or greater. The degree of orientation determined
by X-ray can be calculated in accordance with the method described in "Calculation of Degree of Orientation" in Examples
described below.
[0041] The degree of orientation determined by X-ray of the α-form is only required to be 50% or greater, and may be
55% or greater, 60% or greater, 65% or greater, 70% or greater, 75% or greater, 80% or greater, and 85% or greater.
The upper limit of the degree of orientation determined by X-ray of the α-form is not particularly limited, and typically is
95% or less, and may be 90% or less.
[0042] Preferably, the stretchable polyester of the present invention has elasticity. The elasticity is a property by which,
after a polyester, which is an elastic body, is stretched by application of an external force, the polyester returns to its
original state when the external force is removed. The polyester of the present invention has elasticity with a tensile
elongation recovery rate of 20% or greater and 100% or less. The lower limit of the tensile elongation recovery rate may
be 25% or greater, 30% or greater, 35% or greater, 40% or greater, 45% or greater, or 50% or greater. The upper limit
of the tensile elongation recovery rate is not particularly limited and may be 95% or less, 90% or less, 85% or less, or
80% or less.
[0043] In a case of fibers, the tensile elongation recovery rate refers to a tensile elongation recovery rate of a case
where evaluation was performed by the method described in "Elasticity Evaluation: Fiber" in Examples described below.
That is, by using a tensile tester, a fiber having a length of 3 cm and a fiber diameter of approximately 0.1 to 0.3 mm is
subjected to a cycle test under a condition at a temperature of 23°C and an initial length of 10 mm. Stretching is performed
at a tensile speed of 20 mm/min to a strain of 100% (20 mm, which is a length that is twice the initial length, i.e.,
displacement length of 10 mm), then the gripper is moved to the original length at the same speed to shrink the fiber,
and this operation is repeated. When the displacement length is X mm at the beginning of the second stretching (i.e.,
substantially the same at the time of completion of the first shrinkage), the tensile elongation recovery rate R (%) is
expressed by 
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[0044] In a case of a cast film, the tensile elongation recovery rate refers to a tensile elongation recovery rate of a
case where evaluation was performed by the method described in "Elasticity Evaluation: Film" in Examples described
below. That is, by using a tensile tester, a film cut into a length of 3 cm and a width of 3 mm is subjected to a cycle test
under a condition at a temperature of 23°C and an initial length of 10 mm. Stretching is performed at a tensile speed of
20 mm/min to a strain of 1000% (110 mm, which is a length that is 11 times the initial length, i.e., displacement length
of 100 mm), then the gripper is moved to the original length at the same speed to shrink the film, and this operation is
repeated. The cast film is an unstretched film and corresponds to the invention of the present application at the point
when the first stretching operation in the tensile test (stretching to the displacement length of 100 mm) is completed.
When the displacement length is y mm at the beginning of the second stretching (i.e., substantially the same at the time
of completion of the first shrinkage), the deemed tensile elongation recovery rate r (%) based on the displacement length
of 0 mm of the unstretched film is expressed by 

[0045] However, the present invention is a stretchable polyester, and when the displacement length of 0 mm of the
film after the initial stretching is set as the reference,
the tensile elongation recovery rate R (%) is expressed by
R = r2/r1 3 100. Note that r1 is the deemed tensile elongation recovery rate after the first stretching, and r2 is the deemed
tensile elongation recovery rate after the second stretching.
[0046] As described in Examples below, the stretchable polyester of the present invention can exhibit elasticity after
crystallization followed by performing stretching and unloading. In the polyester of the present invention, the crystal
structure is orientation-treated by the stretching described above. As the stretching treatment, stretching of 2 to 20-fold
is preferably performed, stretching of 2 to 15-fold is more preferably performed, and stretching of 2 to 10-fold is more
preferably performed (e.g., stretching of 2-fold, 5-fold, or 10-fold) in a range that breakage does not occur. Stretch ratio
and the number of stretching can be appropriately adjusted based on the required stretching width.
[0047] The stretchable polyester of the present invention preferably contains a lamellar crystal structure (structure
formed from a folding having a spiral structure; also referred to as an α-form) and an amorphous structure, exhibits a
unique stretched chain structure (plane zigzag structure; also referred to as a β-form) during stretching, and when the
load is removed, the stretched chain structure is significantly reduced or disappears.
[0048] The measurement of the stretched chain structure (β-form) can be performed by wide-angle X-ray diffraction
measurement and small-angle X-ray scattering measurement described in Examples below. In the stretchable polyester
of the present invention, preferably, the β-form is detected by wide-angle X-ray diffraction measurement and small-angle
X-ray scattering measurement in the stretched state, and the β-form is significantly reduced compared to the stretched
state or no β-form is detected by the wide-angle X-ray diffraction measurement and the small-angle X-ray scattering
measurement in the unloaded state.
[0049] In the polyester of the present invention after the load of stretching is removed, the stretched chain structure
is preferably not detected by the wide-angle X-ray diffraction measurement; however, the signal derived from the stretched
chain structure after the unloading is only required to be reduced.
[0050] The degree of crystallinity of the stretchable polyester of the present invention is not particularly limited and is
preferably 10% or greater, and may be 20% or greater, 30% or greater, or 40% or greater. The upper limit of the degree
of crystallinity is not particularly limited and is typically 80% or less.
[0051] The stretchable polyester of the present invention is preferably biodegradable, and more preferably bioabsorb-
able. Biodegradable means capability of being decomposed by microorganisms or enzymes in the natural environment
(e.g., soil, compost, lakes and marshes, and sea water) or decomposed into non-toxic components in vivo. Bioabsorbable
means capability of being metabolized by organisms, such as humans and animals.
[0052] The present invention is a stretchable polyester having shape followability and flexibility by elastic response
and being able to suppress deterioration over time due to secondary crystallization without addition of, for example, a
crosslinking agent or a nucleating agent but, as long as the physical properties of the stretchable polyester is not
deteriorated, these can be also added.

[Method for producing polyester]

[0053] In general, methods of synthesizing PHAs include fermentation synthesis methods (biosynthesis methods) and
chemical synthesis methods. The method of producing the aliphatic polyester of the present invention may be a fermen-
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tation synthesis method (biosynthesis method) or a chemical synthesis method, but a fermentation synthesis method
(biosynthesis method) is more preferred to obtain a polyester having a greater molecular weight.
[0054] A chemical synthesis method is a method of chemically synthesizing PHAs in accordance with a typical organic
synthesis technique. Specific examples of the chemical synthesis method include synthesis of P(3HB-co-6HHx) by
subjecting fatty acid lactone, such as (R)-β-butyrolactone or ε-caprolactone, to ring-opening polymerization in the pres-
ence of a catalyst (Abe et al., Macromolecules, 28, 7630 (1995)), synthesis of P(3HB-co-4HB) or the like by subjecting
fatty acid lactone, such as (R)-β-butyrolactone or γ-butyrolactone, to ring-opening polymerization in the presence of a
catalyst (Hori et al., Polymer, 36, 4703 (1995)), and synthesis of P(GA-co-LA) or the like by subjecting glycolide and
lactide and the like to ring-opening polymerization in the presence of a catalyst (Gilding et al., Polymer 20, 1459 (1979)).
[0055] A fermentation synthesis method (biosynthesis method) is a method of biosynthesizing PHAs in accordance
with a typical fermentation engineering technique. As the fermentation synthesis, specifically for example, a polyester
containing 4HB of the present invention can be produced by culturing microorganisms having a P(3HB)-producing
capability in the presence of ε-caprolactone (another name: 6-hexanolactone) or 6-hydroxyhexanoate, which is a sa-
ponified product thereof, or a salt thereof, γ-butyrolactone or 4-hydroxybutyrate, which is a saponified product thereof,
or a salt thereof, a butyric acid derivative such as 4-chlorobutyrate or 4-bromobutyrate, or an even-chain α,ω-alkanediol
having 4 or more carbons such as 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, 1,10-decanediol, or 1,12-dodecanediol
as a carbons source (Saito et al., Polymer International 39, 169 (1996), and WO 2019/044837).
[0056] As the microorganisms having a P(3HB)-producing capability, microorganisms, which are known to synthesize
P(3HB), of the genera of Cupriavidus, Alcaligenes, Ralstonia, Delftia, Comamonas, Hydrogenophaga, Burkholderia,
Escherichia, Azotobacter, Methylobacterium, Paracoccos, Acinetobacter, Aeromonas, Allochromatium, Azorhizobium,
Bacillus, Caulobacter, Chromobacterium, Ectothiorhodospira, Klebsiella, Nocardia, Pseudomonas, Rhodobacter, Rho-
dococcus, Rhoduspirilium, Rickettsia, Sinorhizobium, Sphingomonas, Synechocystis, Thiococcus, Thiocystis, Vibrio,
and Wautersia can be used. Among these, genus Cupriavidus is preferred, and Cupriavidus necator is more preferred.
For example, Cupriavidus necator H16 strain (ATCC17699) can be used.
[0057] Note that, with the Cupriavidus necator H16 wild-type strain, 3HB, 3HV, 3HP, 4HB, 5HV or the like can be
adequately incorporated into PHA. Use of genetically modified bacteria, in which a PHA polymerase gene having a
different substrate specificity has been introduced, enables polymerization of another hydroxy acid into the PHA. Thus,
as described above, in addition to the Cupriavidus necator H16 strain, genetically modified strains and microorganisms
having or imparted a PHA-polymerizing capability also can be used, which include other genera of Cupriavidus, Alcali-
genes, Ralstonia, Delftia, Comamonas, Hydrogenophaga, Burkholderia, Escherichia, Azotobacter, Methylobacterium,
Paracoccos, Acinetobacter, Aeromonas, Allochromatium, Azorhizobium, Bacillus, Caulobacter, Chromobacterium, Ec-
tothiorhodospira, Klebsiella, Nocardia, Pseudomonas, Rhodobacter, Rhodococcus, Rhodospirillum, Rickettsia, Sinor-
hizobium, Sphingomonas, Synechocystis, Thiococcus, Thiocystis, Vibrio, and Wautersia.
[0058] The pH of the culture medium is typically approximately 4 to approximately 10, preferably approximately 5 to
approximately 8, and more preferably approximately 5.8 to approximately 7.5. The culture temperature is typically from
15°C to 45°C, preferably from 20°C to 40°C, and more preferably from 25°C to 38°C. The culture method may be any
one of batch culture, fed-batch culture, or continuous culture.
[0059] The medium component is not particularly limited as long as it is a substance that can be assimilated by the
microorganisms to be used.
[0060] As the carbon source, for example, organic carbon sources, including saccharides such as arabinose, glucose,
mannose, fructose, and galactose, sugar alcohols such as sorbitol, mannitol, and inositol, alcohols such as methanol,
ethanol, and butanol, acetic acid, butyric acid, fatty acids, and plant oils; inorganic carbon sources such as carbon
dioxide; and natural materials such as yeast extract, molasses, peptone, and meat extract can be used.
[0061] As the nitrogen source, for example, inorganic nitrogen compounds, such as ammonia, ammonium salts (am-
monium chloride, ammonium sulfate, ammonium phosphate), and nitrate; and/or organic nitrogen-containing substances,
such as urea, corn steep liquor, casein, peptone, yeast extract, and meat extract can be used.
[0062] Examples of the inorganic component include calcium salts, magnesium salts, potassium salts, sodium salts,
phosphate, manganese salts, zinc salts, iron salts, copper salts, molybdenum salts, cobalt salts, nickel salts, chromium
salts, boron compounds, and iodine compounds. More specific examples thereof include monopotassium phosphate,
dipotassium phosphate, magnesium phosphate, magnesium sulfate, and sodium chloride.
[0063] Examples of other organic nutrient source include amino acids, such as glycine, alanine, serine, threonine, and
proline; and vitamins, such as vitamin B1, vitamin B12, folic acid, and vitamin C.
[0064] As methods of producing 4HB-containing PHA, a method of culturing by adding a precursor that can be a 4HB-
CoA into a PHA-producing wild strain, and a method of introducing a supply path of 4HB-CoA by genetic transformation.
In the present invention, a method of culturing by adding a precursor that can be a 4HB-CoA into a PHA-producing wild
strain may be employed, or a supply path of 4HB-CoA by genetic transformation may be introduced. As the precursor
that can be 4HB-CoA, for example, ε-caprolactone (another name: 6-hexanolactone) or 6-hydroxyhexanoate, which is
a saponified product thereof, or a salt thereof, γ-butyrolactone or 4-hydroxybutyrate, which is a saponified product thereof,
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or a salt thereof, a butyric acid derivative such as 4-chlorobutyrate or 4-bromobutyrate, or an even-chain α,ω-alkanediol
having 4 or more carbons such as 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, or 1,10-decanediol are known. By
culturing microorganisms having a P(3HB)-synthesizing capability in the presence of the precursor, the 4HB-containing
PHA can be produced (WO 2019/044837, and Polymer International 39, 169-174 (1996)). The used amount of the
precursor that can be 4HB-CoA is not particularly limited. The precursor can be supplied batch-wisely, continuously, or
intermittently to a degree that does not cause growth inhibition.
[0065] In general, by changing the used amount, used concentration, supply rate, and the like of these precursors,
the proportion of 4HB in PHA can be changed. A method of producing 4HB-containing PHA by incorporating a 4HB-
CoA supply path and a PHA synthesis path into Escherichia coli using a carbon source that is structurally different from
4HB by genetic transformation, described by Li et al. (Metabolic Engineering, Volume 12, 352-359 (2010)) can also be
used.
[0066] As the fermentation synthesis method for producing PHAs containing monomer units other than 3HB or 4HB,
a method of incorporating 3HV, 3HP, or 5HV monomer units by using propionic acid, valeric acid, 1,3-propanediol, 1,5-
pentanediol, propanol, or pentanol; or a method of incorporating 3HH monomer units by using microorganisms carrying
a PHA polymerase with a wide substrate specificity enabling recognition of 3HB-CoA and 3HH-CoA and by using a
carbon source that can supply 3HH-CoA through β-oxidation pathway can also be used. Furthermore, a transgenic
bacteria that can change the substrate specificity of a PHA polymerase by gene replacement and can incorporate lactic
acid, glycolic acid, or 3HH monomer units can be also used. By using a combination of a method of producing 4HB-
containing PHA and a method of introducing such other monomer units, not only a bipolymer, such as P(3HB-co-3HV),
P(3HB-co-3HP), P(3HB-co-4HB), P(3HB-co-3HH), P(3HB-co-5HV), P(3HB-co-6HH), P(3HB-co-LA), and P(3HB-co-GA)
but also a terpolymer or multicomponent copolymer having a combination of 3HB, 3HV, 3HP, 3HH, 4HB, 5HV, 6HH,
LA, GA or a long-chain hydroxyalkanoate can be fermentation synthesized.
[0067] So-called non-growth-associated PHA production, in which bacterial cells are grown prior to culture for PHA
production and, in the later stage, accompanying medium replacement or growth, transferred into a PHA accumulation
condition with restricted nutrients, such as a phosphorus source or nitrogen source, can be performed, or growth-
associated production, in which growth of bacterial cells and accumulation of PHA are simultaneously performed, can
be performed.
[0068] From the culture solution obtained by culture in accordance with the description above, dried bacterial cells
can be obtained by separating and collecting the bacterial cells by a typical solid-liquid separation means, such as
filtration and centrifugal separation, then washing and drying the bacterial cells. PHA can be collected by a common
method, for example, including extracting a produced polyester from the dried bacterial cells with an organic solvent
such as chloroform, and adding a poor solvent such as hexane into this extracted liquid to precipitate the PHA.
[0069] Alternatively, PHA can be also collected by removing components other than the PHA by subjecting the collected
bacterial cells to a known method including physical crushing treatment such as high-pressure homogenizer or ultrasonic
treatment, alkali treatment using sodium hydroxide, potassium hydroxide, or sodium hypochlorite, surfactant treatment,
enzyme treatment using protease, lysozyme, or lipase, oxygen treatment with an oxidizing agent such as hydrogen
peroxide, washing with a solvent such as methanol, ethanol, or acetone, and drying.

[Production of Elastic Molded Product]

[0070] By using the PHA described above as a raw material, melt processing such as melt-spinning, melt-extrusion,
and injection molding can be performed. By subjecting such a molded product to heat-treatment crystallization and then
stretching, fibers, films, and molded products having rubber elasticity can be obtained.
[0071] As the melting conditions, a melting temperature of 100°C to 220°C, a melting time of 20 minutes or less, and
a mold temperature or winding temperature in a range of 5°C to 50°C are desired for production processing. Crystallization
treatment is performed on the fibers, films, and molded products that have undergone the melt processing described
above. As the conditions for this crystallization treatment, when the crystallization temperature is in a range of 20°C to
120°C and the crystallization time is in a range of 1 minute to 120 minutes, the next stretching process can be then
performed.
[0072] When a molded product such as a film is formed by a solvent casting method, crystallization simultaneously
occurs at the time of vaporization of a solvent, and thus next stretching process can be then performed.
[0073] The rubber elasticity is exhibited by stretching the crystallized fibers, films, or molded products at a stretch ratio
of 2-fold or greater (e.g., 5-fold or greater).
[0074] For example, when a fiber that is melted at a melting temperature of 180°C for 5 minutes and then wound at
23°C is crystallized at 23°C for 30 minutes and stretched to approximately 5-fold, a fiber having rubber elasticity can be
produced.
[0075] When the length of a fiber after production through melt-spinning, crystallization, and stretching is 100% (100%
is a length at the time when all the processes are completed, and not before the stretching), elongation is possible to
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approximately 200% (100% strain) without breakage. By unloading thereafter, a property that allows the strain to be
recovered to roughly from 130 to 150% (from 30 to 50% strain) is achieved, and a elongation elongation recovery rate
(%) is from approximately 70% to approximately 50%. Adjustment is only required to be performed to a required stretching
width by appropriately adjusting the stretch ratio and the number of stretching.
[0076] Alternatively, a film exhibiting rubber elasticity can be produced by subjecting a film, which has been melt-
molded by hot pressing at 180°C for 2 to 5 minutes, to crystallization at 23°C for 60 minutes and then stretching the film
to 2 to 10-fold.
[0077] When the length of a film after production through melt-molding, crystallization, and stretching is 100% (100%
is a length after shrinkage after stretching), elongation is possible to approximately 200% (100% strain) without breaking.
By unloading thereafter, a property that allows the strain to be recovered to roughly 140% (40% strain) is achieved.
[0078] The fibers and films produced as described above can maintain excellent elastic response even after storage
for a long period of time of half a year or longer, and are molded products in which deterioration over time due to secondary
crystallization is suppressed.
[0079] The present invention will be described more specifically hereinafter using production examples and examples,
but the present invention is not particularly limited to the following Examples.

Examples

[Production of Polymer (Jar Culture)]

<Production Example 1>

[0080] PHA was produced by using Cupriavidus necator H16 strain (ATCC17699).
[0081] A medium obtained by adding 14.24 g/L of fructose into a sterilized medium 1 including 2.72 g/L of KH2PO4,
4.26 g/L of Na2HPO4, 0.3 g/L of NaHCO3, 2 g/L of (NH4)2SO4, 0.2 g/L of MgSO4·7H2O, 0.2 g/L of a yeast extract, and
3.5 mL of a mineral solution described below was subjected to shaking culture in a test tube at 30°C for 24 hours to
obtain a pre-preculture solution.
[0082] Mineral solution: 6 g/L of FeC6H5O7·xH2O, 2 g/L of ZnSO4·7H2O, 0.1 g/L of CuSO4·5H2O, 1 g/L of MnCl2·4H2O,
0.1 g/L of KI, 0.1 g/L of (NH4)6Mo7O24·4H2O, 0.1 g/L of CoCl2·6H2O, 0.2 g/L of H3BO3, 5 g/L of NaCl, and 4 g/L of
CaCl2·2H2O are dissolved in water.
[0083] In an Erlenmeyer flask having a volumetric capacity of 500 mL and containing 100 mL of a medium obtained
by adding 14.24 g/L of fructose to the aforementioned medium 1, a medium obtained by adding 8.86 g/L of fructose and
5.38 g/L of ε-caprolactone to the medium 1, or a medium obtained by adding 8.86 g/L of fructose and 5.38 g/L of γ-
butyrolactone to the medium 1, 1 mL of the pre-preculture solution was inoculated and cultured at 30°C and 150 rpm
for 48 to 96 hours to obtain a mother culture (preculture solution).
[0084] In a 3 L jar fermenter, 2 L of a medium was prepared by changing (NH4)2SO4 of the medium 1 to be 7.5 g/L.
After the medium was sterilized, 100 mL of the mother culture was inoculated into the medium, and then fed-batch
process using a 42 mass% fructose and γ-butyrolactone was started aseptically through a sterilizing filter (PTFE 0.2 mm
pore). Feed rate and feed ratio of the carbon source can be set appropriately. To prevent termination of the bacterial
cell proliferation caused by excessive amount of residual carbon source that was not used up by the bacterial cells in
the culture vessel, the culture was started at a feed rate of the 42 mass% fructose of approximately from 1 to 2 g/h (0.5
to 1 g/h·L) and at a feed rate of γ-butyrolactone of approximately from 0.2 to 0.5 g/h (0.1 to 0.25 g/h·L) which were low
flow rates, and these feed rates were increased stepwise or continuously as the bacterial cells proliferated. The ventilation
volume was controlled to from 0.2 to 0.3 L/min, the agitation speed was controlled to from 500 to 700 rpm, the culture
temperature was controlled to 36°C, the lower limit of the culture pH was controlled to 6.0, and a 2 N NaOH solution
was used as a pH-adjusting alkali. The ratio of γ-butyrolactone:fructose was approximately 0.5. The culture was terminated
at 140 hours after the start of the culture.
[0085] After the culture, the bacterial cells were collected by centrifugal separation, frozen at -20°C, and then subjected
to lyophilization.
[0086] The method of extracting and purifying the PHA from the bacterial cells was performed as described below. In
a glass Erlenmeyer flask with a screw cap, approximately from 4 to 10 g of the lyophilized bacterial cells were suspended
in 400 mL chloroform and subjected to extraction at 30°C for 24 to 48 hours. The obtained viscous solution was filtered
by a filter paper to remove the bacterial cell residue. The obtained clear solution was concentrated to from approximately
100 to 200 mL by an evaporator, and the PHA was precipitated by 5-fold amount of hexane, which was a poor solvent.
The obtained white precipitates were washed with ethanol and then vacuum-dried to obtain purified PHA.
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<Production Example 2>

[0087] The same procedure as in Production Example 1 was performed except for changing the culture time in the
jar culture to 170 hours.

<Production Example 3>

[0088] The same procedure as in Production Example 1 was performed except for changing the culture time in the
jar culture to 96 hours.

<Production Example 4>

[0089] The same procedure as in Production Example 1 was performed except for changing the culture time in the
jar culture to 120 hours.

<Production Example 5>

[0090] The same procedure as in Production Example 1 was performed except for changing the culture time in the
jar culture to 144 hours.

<Production Example 6>

[0091] The same procedure as in Production Example 1 was performed except for using a medium in which (NH4)2SO4
was changed to 12.5 g/L in the jar culture, using a 42 mass% fructose solution and ε-caprolactone as carbon sources
of the fed-batch, setting the ratio of ε-caprolactone:fructose to approximately 0.4, using a 12.5% ammonia water for the
pH-adjusting alkali, and changing the culture time to 149 hours.

<Production Example 7>

[0092] The same procedure as in Production Example 6 was performed except for changing the culture time in the
jar culture to 172 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.5.

<Production Example 8>

[0093] The same procedure as in Production Example 6 was performed except for changing the culture time in the
jar culture to 172 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.6.

<Production Example 9>

[0094] The same procedure as in Production Example 6 was performed except for changing the culture time in the
jar culture to 205 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.6.

<Production Example 9>

[0095] The same procedure as in Production Example 6 was performed except for changing the culture time in the
jar culture to 205 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.6.

<Production Example 10>

[0096] The same procedure as in Production Example 1 was performed except for changing the culture time in the
jar culture to 114 hours, changing the ratio of ε-caprolactone:fructose to approximately 0.4, and purifying by a combination
of high-pressure crushing treatment, alkali treatment, oxidation agent treatment, and solvent washing after the culture.

<Production Example 11>

[0097] The same procedure as in Production Example 10 was performed except for changing the culture time in the
jar culture to 111 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.5.
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<Production Example 12>

[0098] The same procedure as in Production Example 10 was performed except for changing the culture time in the
jar culture to 113 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.5.

<Production Example 13>

[0099] The same procedure as in Production Example 10 was performed except for changing the culture time in the
jar culture to 113 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.4.

<Production Example 14>

[0100] The same procedure as in Production Example 6 was performed except for changing the culture time in the
jar culture to 113 hours, and changing the ratio of ε-caprolactone:fructose to approximately 0.5.

[PHA Molecular Weight Measurement]

[0101] The PHA molecular weight (weight average molecular weight Mw and number average molecular weight Mn)
were measured by gel permeation chromatography method as described below. The measurement results of the mo-
lecular weights (Mw and Mn) of the PHA of each production example are shown in Table 1 below.
[0102] The purified PHA was adjusted to approximately 0.5 mg/mL by adding chloroform and dissolved at 60°C for 4
hours, and cooled to room temperature. Insoluble substances were filtered and removed by using a PTFE filter having
a pore diameter of 0.2 mm to obtain a measurement sample. Conditions for GPC are as shown below.

Instrument: HPLC Prominence system, available from Shimadzu Corporation
Column: Shodex K-806L (two columns in series), available from Showa Denko K.K.
Column temperature: 40°C
Mobile phase: Chloroform (1 mL/min)
Detector: RI (40°C)
Standards: Shodex polystyrene molecular weight standards (6870000 to 1270)
Injection amount: 60 mL
Analysis time: 30 minutes

[Analysis of polymer]

<1H-NMR>

[0103] The compositional analysis of the purified PHA of each production example was determined by using a nuclear
magnetic resonance spectrometer (ECA 500, JASCO Corporation). The purified PHA was dissolved in CDCl3 in the
concentration of 1.5 mass% and used as a measurement sample. The 1H-NMR spectrum was measured at 500 MHz
at room temperature.
[0104] For the PHA of each production example, the 4HB proportion measured by NMR is shown in Table 1 below.

[Measurement of Thermal Properties]

[0105] The glass transition temperature (Tg) and the melting point (Tm) were measured by using a differential scanning
calorimeter equipped with IntraCooler (DSC8500, Perkin Elmer). The measurement atmosphere was nitrogen (20
mL/min), the temperature was increased from -50°C to 200°C at 20°C/min and maintained for 1 minute, and thus the
sample was completely dissolved. The dissolved sample was then cooled to -50°C at 200°C/min and maintained for 3
minutes, and then the temperature was increased again to 200°C at 20°C/min (this temperature increase was considered
as second run). Based on the DSC curve (thermogram) measured by the second run, Tg and Tm were measured. Note
that, when the temperature was increased from the rapidly cooled state to the glass state, the baseline is changed upon
transition from the glass state to the amorphous stat, and Tg was determined by reading the temperature at which the
change occurred. When the temperature increase was further continued, a melting peak (endothermic peak) appeared
below as a protruding peak in the DSC curve, and a temperature at the position of the maxima of the peak was taken
as Tm. The amount of the sample was approximately 1 mg, and an aluminum sample pan was used. Indium was used
for temperature calibration. The measurement results are shown in Table 1 below.
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<Examples 1 to 14?

[Film Crystallization]

[0106] The P(3HB-co-4HB) polymers (0.25 g each) obtained in Production Examples 1 to 14 were each dissolved in
10 mL of chloroform, the obtained polymer solution was poured into a Teflon petri dish having a diameter of 5 cm and
covered with foil (aluminum foil) with holes, and the solvent was allowed to vaporize roughly over one day, and thus a
solvent cast film was produced. The obtained film was allowed to stand still at 23°C for 1 week to progress crystallization,
and thus a PHA cast film was obtained. Note that, in a case where a film is prepared by melt-molding such as hot press,
after heating and melting are performed at 180°C for 2 to 5 minutes, crystallization is performed at 23°C for approximately
1 minute to 120 minutes, and then stretching can be performed.

[Stretching]

[0107] The PHA film obtained as described above was cut into a strip form having a length of 3 cm and a width of 3
mm and stretched to a freely chosen ratio such as 2-fold, 5-fold, or 10-fold, by using a stretching machine at 23°C. The
stretching was stopped and unloaded as necessary, and then again stretching operation was repeatedly performed. A
film obtained by stretching the PHA cast film produced by using the P(3HB-co-4HB) polymer each obtained in Production
Examples 1 to 14 as described above was used as each film of Examples 1 to 14.

[Wide-Angle X-Ray Diffraction (WAXD) Measurement and Small-Angle X-Ray Scattering (SAXS) Measurement]

[0108] For the PHA cast film produced from the PHA of each of Production Examples 1 to 12, structural analysis of
the film before stretching, during stretching, after unloading, and during restretching was performed by wide-angle X-
ray diffraction (WAXD) measurement and small-angle X-ray scattering (SAXS) measurement.
[0109] The WAXD measurement and the SAXS measurement were performed by using a synchrotron radiation facility
SPring-8, the wavelength of the X-ray was 0.1 nm, and the camera length was 250 mm. The film was set perpendicular
to the X-ray beam and parallel to a detector. In the case of SAXS measurement, the wavelength of the X-ray was 0.1
nm, and the camera length was 2500 mm.
[0110] The results of the WAXD measurement and the SAXS measurement for the samples of Production Examples
1 to 12 were shown in FIG. 2 and FIGS. 13 to 23. The upper side shows the WAXD measurement, and the bottom side

[Table 1]

Mw [x104] Mn [x104] Mw/Mn 4HB [mol%] Tg [°C] Tm [°C]

Production Example 1 72 21 3.4 18 -8 -

Production Example 2 46 14 3.3 18 -7 -

Production Example 3 100 25 4.0 12 -6 141

Production Example 4 88 22 4.0 16 -6 -

Production Example 5 65 26 2.5 17 -6 -

Production Example 6 168 69 2.4 11 -2 124

Production Example 7 183 28 6.5 18 -4 141

Production Example 8 180 30 6.0 21 -6 133

Production Example 9 152 34 4.5 22 -5 116

Production Example 10 60 13 4.6 14 -5 142

Production Example 11 106 24 4.4 13 -4 151

Production Example 12 64 16 4.0 18 -6 142

Production Example 13 97 21 4.6 15 N/A N/A

Production Example 14 300 96 3.2 30 N/A N/A

N/A: Undetermined
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shows the SAXS measurement. Original shows a film molded product before stretching, 35 shows during 5-fold stretch-
ing, 310 shows during 10-fold stretching, after release or zero stress show after unloading, and stretching again shows
during restretching.
[0111] In the WAXD measurement, a ring patterned part with a high intensity shows a peak diffracted by the crystal,
and a part with a low intensity shows a part derived from amorphous. As a result of the WAXD measurement, in the film
molded body before stretching, diffraction of a concentric form (ring pattern) derived from a two spiral structure (α-form)
was observed, and the α-form was present randomly. Thus, it was found that the film before the stretching contained
the α-form and the amorphous structure (note that, for a polymer, degree of crystallinity of 100% was not impossible,
and an amorphous structure was naturally contained). At this point, diffraction derived from a plane zigzag structure (β-
form) was not observed. On the other hand, in the WAXD analysis results after 5-fold stretching and 10-fold stretching,
the α-form starts being slightly oriented in the stretching direction, but the cycle of the α-form is not uniform. In a case
of the 5-fold stretching, 10-fold stretching, and restretching after unloading, diffraction points derived from the β-forms
were observed along the WAXD equator, and thus it was found that the β-form (plane zigzag structure) was exhibited
by the molecular chains of the amorphous part in between an α-form and an α-form being stretched. The diffraction
points derived from the β-forms disappeared in a condition where the tensile load was unloaded and elongation was
recovered. Thus, it was conceived that the β-form returned again to random coils in the unloaded state. Even after the
unloading and shrinking, diffraction points derived from the oriented α-forms caused by the first stretching were observed,
and it was found that the α-form stayed oriented. After the unloading and shrinking, diffraction points derived from the
oriented α-forms were observed in the restretching in which the tensile load was applied again. As described above, it
was found that the film after the stretching contained the α-form and the amorphous structure.
[0112] As a result of performing the SAXS measurement for these films, in the film from which the load was released,
a drop-like pattern was observed along a meridian parallel to the stretching direction. This shows that the lamellar crystals
have a specific cycle and are oriented with respect to the stretched direction. From the results of the WAXD, a ring
pattern derived from the lamellar crystal occurred before the stretching, and when this is stretched, appearance of cross
orientation of the crystal formed from the α-form, and appearance of the β-form were observed, and upon unloading,
lowering of the degree of orientation and disappearance of the β-form were observed. From the results of the SAXS, no
clear scattering peaks (random orientation of layered lamellar) were present before the stretching, and scattering ap-
peared along the meridian in the stretching process and a clear drop-like scattering pattern along the meridian observed
for the film after the unloading were observed. From the results described above, it is conceived that, in the film, the
layered lamellar structure present before the stretching is rotated by the stretching and oriented horizontally or vertically
to the stretched direction. It is conceived that, at this time, due to increase in the stretch ratio, tie molecular chains present
in between the lamellar crystals are in a state of tension and gathered, whereby the β-form (strong diffraction along the
equator of WAXD) appears. Since this β-form is not in a stable condition, when the state of tension is released, it is
expected that the β-form is dissolved and returns to the normal tie molecular chain. Furthermore, after the unloading,
the whole body shrinks due to rubber elasticity. Since the higher order structure formed from the lamellar crystals can
be dynamically rearranged at this time, formation of a structure with a certain degree of cyclicity is expected. This is the
reason why the strong scattering pattern is observed along the meridian by the SAXS measurement of the film after the
unloading.

[Calculation of Degree of Orientation]

[0113] A region including a particular diffraction point (this time, (020) plane) in the WAXD image measured by the
wide-angle X-ray diffraction (WAXD) described above was selected in a ring form, all the diffraction intensities having
the same orientation angle were integrated, the intensity was plotted with respect to the orientation angle, and thus an
orientation angle one-dimensional profile was created. At the spot where the diffraction point exists, a normal distribution-
like curve having a peak can be obtained. The full width at half maximum (FWHM; peak width at the half height of the
peak) was measured (see FIG. 24). When the full width at half maximum is β, the degree of orientation F [%] can be
expressed by 

[0114] The results of measuring the degree of orientation [%] of the films of Examples 1 to 12 are shown in Table 2.

[Table 2]

Before stretching (unstretched) During stretching (310) Unloading (3 5 to 3 6) Restretching (3 10)

Example 1 - 84 86 86
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[Tensile Test: Film]

[0115] The PHA film cut into a strip form having a length of 3 cm and a width of 3 mm was subjected to a tensile test
until breakage of the film by using a tensile tester AGS-X or EZ-Test (available from Shimadzu Corporation) at a tem-
perature of 23°C, a test speed of 20 mm/min, and an initial length of 10 mm. Note that, in the length of 3 cm in the length
direction, regions that are 1 cm from edges of the film were used to fix the film, and the part used for the tensile test was
1 cm (10 mm) at the center, and the 10 mm part was used as the initial length. The results of stress-strain curves are
shown in FIG. 1.

[Evaluation of Elasticity of Film]

[0116] The elasticity of the films of Examples 2, 4, 5, 6, 8, and 14 were evaluated by the method illustrated in FIG. 4.
Taking the distance between chucks (distance between fixing jigs) of 1 cm as 0% strain, strain L1 (%) at the time when
the film cut into a strip form having a length of 3 cm and a width of 3 mm was stretched to 11-fold, which was 11 cm
(strain: 1000%; displacement length: 10 cm), and strain L2 (%) at the time when the film was stretched again to 11-fold
(strain: 1000%) and then returned were shown in Table 3. The strain was determined by displacement length/distance
between fixing jigs (1 cm).

(continued)

Before stretching (unstretched) During stretching (310) Unloading (3 5 to 3 6) Restretching (3 10)

Example 2 - 89 75 85

Example 3 - 82 78 84

Example 4 - 80 89 87

Example 5 - 89 87 89

Example 6 - 79 86 83

Example 7 - 74 56 82

Example 8 - 82 85 88

Example 9 - 76 78 85

Example 
10

- 72 66 -

Example 
11

- 69 89 79

Example 
12

- 67 77 73

-: Measurement was not possible

[Table 3]

4HB [%] Mw [3 104] L1 [%] L2 [%]

Example 2 18 46 520 560

Example 4 16 88 450 500

Example 5 17 65 540 580

Example 6 11 170 350 400

Example 8 21 180 400 450

Example 14 30 300 500 520
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<Examples 15 to 18>

[Fiber Crystallization]

[0117] After the P(3HB-co-4HB) obtained in each of Production Examples 2, 5, and 13 was heated and melted at
170°C to 180°C at 5 to 10 minutes, the molten material was extruded from a 2 mm discharge die. Specifically, by using
a high-temperature melt-extrusion spinning apparatus (IMC-19F8) available from Imoto Machinery Co., Ltd. (Kyoto),
approximately 5 g of a polymer was charged in a cylinder having a diameter of 6 mm and extruded at a piston extrusion
speed of 0.5 mm/s. The extrudate was wound by a roller at 23°C, and crystallization was performed by allowing the
material wound by the roller to stand still at 23°C for 30 minutes, and thus a primary PHA fiber was obtained. Although
the time of the crystallization also depends on the proportion of 4HB and the crystallization temperature, in a case of
P(3HB-co-4HB) having the 4HB proportion of 10 mol% to 30 mol%, the time is from approximately from 1 minute to 120
minutes, and then the next stretching can be performed.

[Stretching after Crystallization¥

[0118] The primary PHA fiber was pressed toward a metal pin heated to 60°C (pin formed from stainless steal or
chromium-plated, having a cross section of a circle having a diameter of 7 to 8 mm, and having a smooth surface), and
a fiber stretched to approximately 5-fold was obtained. The fiber allowed to stand still at 23°C for 1 month was each
used for Examples of 15, 16, and 17. In the same manner as in the case of the film, it is presumed that the degree of
orientation determined by X-ray of the α-form is 50% or greater for the fibers in Examples 15 to 17. Note that, although
it is a film shape, there is a report of significant reduction of elongation at break due to deterioration over time in an
unstretched film of a homopolymer of poly-3-hydroxybutyrate (Figure 2 of G. J. M. de Koning et al, POLYMER, 1993,
Vol. 34, No. 19, 4089 to 4094).

[Evaluation of Long-Term Stability]

[0119] A fiber obtained by storing the fiber produced in Example 17 for half a year at 23°C was used as Example 18.

[Tensile Test: Fiber]

[0120] The stretched PHA fiber having a length of 3 cm and a fiber diameter of approximately 0.1 to 0.3 mm (Examples
17 and 18) was subjected to a tensile test until breakage of the fiber by using a tensile tester AGS-X or EZ-Test (available
from Shimadzu Corporation) at a temperature of 23°C, a test speed of 20 mm/min, and an initial length of 10 mm. The
tensile test results are shown in Table 4. As a result of the tensile test, strain at break (elongation at break) was roughly
the same degree, and the deterioration over time was almost suppressed.

[Elasticity Evaluation: Fiber]

[0121] The PHA fibers prepared in Examples 15 to 17 were evaluated by a cycle test in which each PHA fiber was
repeatedly stretched and shrunk. The stretched PHA fiber having a length of 3 cm and a fiber diameter of approximately
0.1 to 0.3 mm was subjected to a cycle test by using a tensile tester AGS-X or EZ-Test (available from Shimadzu
Corporation) at a temperature of 23°C, and an initial length of 10 mm. Stretching was performed at a tensile speed of
20 mm/min to a strain of 100% (2-fold length), then the gripper was moved to the original length at the same speed to
allow the PHA fiber to shrink. This was repeated five times. The stress-strain curves at the time of the second to fifth
shrinkage were shown in FIG. 5 to FIG. 7.
[0122] The PHA fiber derived from Production Example 2 produced in Example 15 had the tensile elongation recovery
rate (%) of approximately 70% at the time of beginning of the second stretching (i.e., substantially the same at the time
of completion of the first shrinkage), and the tensile elongation recovery rate (%) of approximately 70% to approximately
60% at the beginning of the third to fifth stretching (FIG. 5).
[0123] The PHA fiber derived from Production Example 5 produced in Example 16 had the tensile elongation recovery

[Table 4]

Fiber diameter [mm] Tensile strength [MPa] Strain at break [%] Number of months elapsed

Example 17 0.18 337 190 1

Example 18 0.20 366 186 6
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rate (%) of approximately 65% at the time of beginning of the second stretching (i.e., substantially the same at the time
of completion of the first shrinkage), and the tensile elongation recovery rate (%) of approximately 65% to approximately
60% at the beginning of the third to fifth stretching (FIG. 6).
[0124] The PHA fiber derived from Production Example 13 produced in Example 17 had the tensile elongation recovery
rate (%) of approximately 60% at the time of beginning of the second stretching (i.e., substantially the same at the time
of completion of the first shrinkage), and the tensile elongation recovery rate (%) of approximately 60% to approximately
55% at the beginning of the third to fifth stretching (FIG. 7).
[0125] The PHA fiber produced in Example 17 in the same manner as described above was stretched at a tensile
speed of 20 mm/min to a strain of 100% (2-fold length), then the gripper was moved at the same speed to a point that
stretching was at 90% strain, to allow the PHA fiber to shrink. This was repeated five times. The stress-strain curves at
the time of the first to fifth shrinkage were shown in FIG. 8.
[0126] The PHA fiber produced in Example 17 was stretched to 100% strain, and repeatedly stretched and shrunk to
90%.
[0127] The PHA fiber produced in Example 17 in the same manner as described above was stretched at a tensile
speed of 20 mm/min to a strain of 10% (1.1-fold length), then the gripper was moved at the same speed to the original
length to allow the PHA fiber to shrink. This was repeated five times. The stress-strain curves at the time of the first to
fifth shrinkage were shown in FIG. 9.
[0128] The PHA fiber produced in Example 17 was stretched to 10% strain, and repeatedly stretched and shrunk to
1% (1.01-fold).

[Elasticity Evaluation: Film]

[0129] The PHA film derived from Production Example 2 was evaluated by a cycle test in which each PHA film was
repeatedly stretched and shrunk. The PHA film cut into a length of 3 cm and a width of 3 mm was subjected to a cycle
test by using a tensile tester AGS-X or EZ-Test (available from Shimadzu Corporation) at a temperature of 23°C, and
an initial length of 10 mm. Stretching was performed at a tensile speed of 20 mm/min to a strain of 1000% (11-fold
length), then the gripper was moved to the original length at the same speed to allow the PHA film to shrink. This was
repeated five times. The stress-strain curves at the time of the second to fifth stretching/shrinkage were shown in FIG. 10.
[0130] The PHA cast film prepared from Production Example 2 had the deemed tensile elongation recovery rate (%)
of approximately 50% at the time of beginning of the second stretching (i.e., substantially the same at the time of
completion of the first shrinkage), and the deemed tensile elongation recovery rate (%) of approximately 45% to approx-
imately 40% at the beginning of the third to fifth stretching (FIG. 10). When the tensile elongation recovery rate (%) was
calculated based on 0 mm displacement at the initial point of the second stretching, the tensile elongation recovery rate
(%) of the third cycle test was 92%, the fourth was 88%, and the fifth was 85%.
[0131] The PHA film derived from Production Example 5 was evaluated by a cycle test in the same manner as described
above. The stress-strain curves at the time of the second to fifth shrinkage were shown in FIG. 11.
[0132] The PHA film derived from Production Example 5 had the deemed tensile elongation recovery rate (%) of
approximately 50% at the time of beginning of the second stretching (i.e., substantially the same at the time of completion
of the first shrinkage), and the deemed tensile elongation recovery rate (%) of approximately 45% to approximately 40%
at the beginning of the third to fifth stretching. When the tensile elongation recovery rate (%) was calculated based on
0 mm displacement at the initial point of the second stretching, the tensile elongation recovery rate (%) of the third cycle
test was 91%, the fourth was 87%, and the fifth was 85%.
[0133] The PHA film derived from Production Example 14 was evaluated by a cycle test in the same manner as
described above. The stress-strain curves at the time of the second to fifth shrinkage were shown in FIG. 12.
[0134] The PHA film derived from Production Example 14 had the deemed tensile elongation recovery rate (%) of
approximately 50% at the time of beginning of the second stretching (i.e., substantially the same at the time of completion
of the first shrinkage), and the deemed tensile elongation recovery rate (%) of approximately 50% to approximately 40%
at the beginning of the third to fifth stretching. When the tensile elongation recovery rate (%) was calculated based on
0 mm displacement at the initial point of the second stretching, the tensile elongation recovery rate (%) of the third cycle
test was 96%, the fourth was 94%, and the fifth was 92%.

Example 19: Production of P(3HB-co-3HV) Fiber Having Elasticity and Structural Analysis Thereof

<Experiment>

[0135] P(3HB-co-12%-3HV) (available from Metabolix) was melted at 150°C for 5 minutes by using a melt spinning
apparatus. Then, the extruded resin was necking-stretched to 5-fold by hands, and thus a fiber having an elasticity that
can be stretched to 2-fold was produced. By using a synchrotron radiation facility SPring-8 (FSBL03XU), the obtained
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elastic fiber was subjected to structural analysis by being irradiated with an X-ray while a cycle test was performed.
Specifically, a cycle test was performed in a manner that 0.5 N → 2 N → 0.5 N → 4 N → 0.5 N → 6 N → 0.5 N → 10 N
→ 0.5 N, and the relationship between the elasticity and the molecular chain structure was analyzed. Furthermore, the
obtained fiber was stretched 1-fold, 1.5-fold, and 2-fold, and then annealed at 100°C for 24 hours. Stretching and structural
analysis were specifically performed in the same manner as in Examples 1 to 14. As described above, 1-fold, 1.5-fold,
and 2-fold two-step stretching heat-treated fibers were prepared. The physical property evaluation and structural analysis
were performed by a tensile tester and X-ray diffraction.

<Result and Discussion>

[Relationship between Elasticity and Molecular Chain Structure]

[0136] The elastic fiber was subjected to structural analysis by performing a dynamic test including irradiation with an
X-ray while a cycle test was performed. Based on WAXD, an intense peak of β crystal was exhibited when a load was
applied, but the peak was reduced when a load was removed (FIG. 25). Furthermore, based on SAXS, a long cycle
between α crystals was increased when a load was applied, and the long cycle was reduced when a load was removed.
Furthermore, this cyclic change of this long cycle substantially corresponded to the change of distance between the
grippers for the fiber. From these, it is conceived that, when a load is applied, the tie molecule in between an α crystal
and an α crystal is stretched and exhibits a β crystal; however, when the load is removed, the exhibited β crystal returns
to the tie molecule. From the results described above, it is conceived that a factor in the elasticity is reversible change
between the tie molecule and the β crystal.

[Study for Strengthening Elastic Fiber]

[0137] As a result of performing a tensile test on 1-fold, 1.5-fold, and 2-fold two-step stretching heat-treated fibers,
strength at break was increased as the stretching ratio is increased, and the strength at break of the 2-fold two-step
stretching heat-treated fiber was 302 MPa. On the other hand, elongation at break of the fiber was decreased as the
stretching ratio was increased (FIG. 26). As a result of the structural analysis, it was found that the shish part of the
shish-kebab structure was regularly packed because, from WAXD, for the 1.5-fold and 2-fold two-step stretching heat-
treated fibers, the tie molecules in the amorphous region in between an α crystal (lamellar crystal formed from two spiral
structure) and an α crystal were stretched and exhibited β crystals (plane zigzag structure) derived from the stretched
chains of the molecules and, from SAXS, streak scattering was observed for the 1.5-fold and 2-fold two-step stretching
heat-treated fibers. From the above, it is conceived that the increase in the strength at break was caused by the molecular
chains of the shish part that were regularly packed while being stretched and forming β crystals, and the decrease in
elongation at break was caused by the molecular chains fully stretched.

Industrial Applicability

[0138] The film, fiber, and other molded product that exhibit biodegradability, biocompatibility, and bioabsorbability
and that has elasticity of the present invention are flexible and has followability to external force or to a shape, and are
advantageous for industrial use, such as films required to have elasticity, fibers, woven materials using fibers, and
composites of films and fibers. The film, fiber, and other molded product of the present invention can be used for
applications that utilize biodegradability and bioabsorbability of plastics used in agriculture, fishery, commerce, industry,
and medical services.

Claims

1. A stretchable polyester which is an aliphatic copolymer polyester containing two or more types of monomer units,
wherein the stretchable polyester contains an α-form and an amorphous structure, and a degree of orientation
determined by X-ray of the α-form is 50% or greater.

2. The stretchable polyester according to claim 1, wherein a β-form is detected by wide-angle X-ray diffraction meas-
urement and small-angle X-ray scattering measurement in a stretched state, and the β-form is significantly reduced
compared to the stretched state or no β-form is detected by the wide-angle X-ray diffraction measurement and the
small-angle X-ray scattering measurement in an unloaded state.

3. The stretchable polyester according to claim 1 or 2, wherein the stretchable polyester has an elasticity with a tensile
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elongation recovery rate of 20% or greater and 100% or less.

4. A stretchable polyester which is an aliphatic copolymer polyester containing two or more types of monomer units,
wherein the stretchable polyester has an elasticity with a tensile elongation recovery rate of 20% or greater and
100% or less.

5. The stretchable polyester according to any one of claims 1 to 4, wherein, after crystallization, the stretchable polyester
is stretched and then, after a load is removed, the stretchable polyester exhibits elasticity.

6. The stretchable polyester according to any one of claims 1 to 5, wherein the crystal structure is orientation-treated
by stretching.

7. The stretchable polyester according to claim 5 or 6, wherein the crystal structure is orientation-treated by stretching
of 2 to 20-fold.

8.  The stretchable polyester according to any one of claims 1 to 7, wherein the stretchable polyester comprises a
lamellar crystal structure and an amorphous structure, and exhibits a unique stretched chain structure during stretch-
ing, and wherein when a tensile load is removed, the stretched chain structure is significantly reduced or disappearing.

9. The stretchable polyester according to any one of claims 1 to 8, wherein the stretched chain structure is a plane
zigzag structure.

10. The stretchable polyester according to any one of claims 1 to 9, wherein the lamellar crystal structure is formed
from a folding having a spiral structure.

11. The stretchable polyester according to any one of claims 1 to 10, wherein the two or more types of monomer units
are a combination of two or more types of monomer units having different main chain lengths.

12. The stretchable polyester according to any one of claims 1 to 11, wherein the polyester contains a 3-hydroxybutyrate
unit as a monomer unit.

13. The stretchable polyester according to claim 12, wherein the polyester contains a 4-hydroxybutyrate unit as a
monomer unit.

14. The stretchable polyester according to claim 13, wherein a proportion of the 4-hydroxybutyrate unit with respect to
all monomer units is from 10 mol% to 30 mol%.

15. The stretchable polyester according to any one of claims 1 to 14, wherein a weight average molecular weight
determined by gel permeation chromatography measurement, calibrated with polystyrene, is from 100,000 to
3,000,000.

16. The stretchable polyester according to any one of claims 1 to 15, wherein the stretchable polyester is biodegradable.

17. The stretchable polyester according to any one of claims 1 to 16, wherein the stretchable polyester is bioabsorbable.

18. The stretchable polyester according to any one of claims 1 to 17, wherein the stretchable polyester is derived from
biosynthesis or derived from chemical synthesis.

19. A film which comprises the stretchable polyester according to any one of claims 1 to 18.

20. A fiber which comprises the stretchable polyester according to any one of claims 1 to 18.

21. A molded product which comprises the stretchable polyester according to any one of claims 1 to 18.

22. A method for producing the stretchable polyester according to any one of claims 1 to 18, which comprises:

stretching by, after crystallization, subjecting an aliphatic copolymer polyester containing two or more types of
monomer units to an orientation treatment by stretching; and
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unloading by removing a tensile load of the polyester orientation-treated by the stretching.

23. The method according to claim 22, wherein a form of the stretchable polyester to be produced is a film, a fiber, or
a molded product.
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